The nanopowders of iron, nickel, molybdenum and copper received by electric explosion of wire were irradiated by an electron current on the liner electron accelerator with the radiation doses of 1, 5, 10 Mrad. The differential thermal and X-ray analyses were used to determine the effect of electron irradiation on metal nanopowders. Four parameters of activity of nanopowders were evaluated according to the differential thermal analysis: the initial temperature of oxidation, the completeness of oxidation, the maximum speed of metal oxidation and the thermal effect of oxidation. It was ascertained that the thermal effect of combustion increased after irradiation by 1.5-2.5 times. It was shown that the significant increase of the heat of combustion of nanopowders was caused by the increase of the internal stored energy as a result of the ionizing effect of electrons. The electrostatic model of surface charged structures of nanoparticles generated by the ionizing effect of electrons was offered, and its analogue is a spherical capacitor. This model makes it possible to estimate the increase of the surface energy of nanopowders by charging the spherical nanocapacitor with 110-1100 kJ/mol. Studies conducted on the X-ray analyzer have shown that the lattice parameters of the initial and irradiated metal nanopowders are greater than those of the standard samples of massive metals. Irradiation of nanopowders by accelerated electrons furthers stabilization of interplanar spacings of crystal lattices and brings them closer the standard of massive metals.
Introduction
In the present time nanodimensional metal powders are regarded as perspective components for preparation energetic condensed systems: explosive materials, rocket fuel and pyrotechnical compositions (Gromov et al., 2006; Teipel, 2004; Yagodnikov, 2009) . In this respect nanopowders (NP) received by electric explosion of wire in the inert gas environment are of considerable interest (Iliyn, 2001; Wu et al., 2010) . The peculiarity of these nanopowders is their heightened energy capacity that appears during the processes of combustion, explosion and detonation (Lerner et al., 2009; Nazarenko, 2005) . Formation of energy saturated structures inside these particles occurs on the stage of electroexplosive production of nanopowders. The stored energy of these structures is preserved for a long time in dry atmosphere (Iliyn et al., 2009 ).
The studies of the effect of different types of radiation on massive materials (metals, concrete, ceramics, composites, etc.) are the wide area of modern radiation chemistry (Rutherford et al., 2007; Was et al., 2007) . In recent years new directions in this field of research have appeared which deal with the effect of radiation on materials in nanodimensional state (Sickafus et al., 2007) . The study (Rong et al., 2002) shows that irradiation of polymer composites with implanted metal nanoparticles furthers improvement of their optical and thermal properties. The research (James et al., 2009 ) discovered that the effect of X-rays on metal nanopowders implanted in cancer destructs a tumor as a result of local warming. This research makes it possible to treat cancer by local hypothermia. The work of Gromov (Gromov et al., 2007) shows the influence of electromagnetic radiation of the optical range on metal nanoparticles inside the polymer matrix. It was discovered that radiation caused heating of nanoparticles that initiated phase transition of the polymer matrix.
The aim of this work is the analysis of the influence of irradiation by accelerated electrons on parameters of oxidation activity and characteristics of crystal lattices of energysaturated metal nanopowders.
Materials and Research Methods
During this study we used nanopowders of iron, nickel, molybdenum and copper received by electric explosion of wire in the argon environment on the equipment (installation, apparatus) UDP-4G at the Research Institute of High Tensions of Tomsk Polytechnic University. The particle sizes of nanopowders vary between 10 nanometers and several microns. Crystal structure determination and size measurements were done by the scanning electron microscope (SEM) JSM 6510 LA and transition electron microscope (TEM) JEM 1011(JEOL).
The initial nanopowders were irradiated by an electron beam with the energy of 4 MeV and the radiation doses of 1, 5 and 10 Mrad on the electron accelerator ELU-4 at al-Farabi Kazakh National University.
The crystal lattice parameters of the initial and irradiated nanopowders were determined by the X-ray diffractometer DRON-4.
The chemical activity of metal nanopowders was measured by the method of differential thermal analysis (DTA) on SDT Q600 in air environment. The software of the thermal analyzer makes it possible to determine the four parameters of chemical activity: the initial temperature of oxidation (Т о , °С), the completeness of oxidation (α, mass %), the maximum speed of metal oxidation (V mах , mass % /min.) and the specific thermal effect of oxidation (∆H, J/g).
Results and Discussion
The microphotographs of metal nanopowders made on the scanning electron microscope show presence of round particles of micron size and particles of nanosize (Figure 1 The results of the thermogram analysis of metal nanopowders before and after electron irradiation are shown on Table 1 . They characterize macroscopic effects caused by the electron irradiation. For example, the increase of the mass of nanopowder samples correspondents to the stoichiometry of formation of oxides. Irradiation of metal nanopowders by an electron beam does not influence significantly on the initial temperature of oxidation. The temperature variations for all irradiated samples were 10 degrees. The maximum oxidation rate decreases with the increase of radiation dose almost for all nanopowders with the exception of the molybdenum nanopowder. The completeness of oxidation of irradiated NP is usually higher than that of the initial (nonirradiated) NP. It should be noted that the completeness of oxidation never reaches 100 % because of the oxide film covering the surface of metals. Electron irradiation of metal nanopowders reveals essentially in the significant increase of the thermal effect of oxidation of metals. For example, the specific thermal effect of oxidation of iron nanopowder irradiated by the dose of 10 Mrad is 2.5 times more than that of the initial nanopowder. These results indicate considerable amount of stored energy in the irradiated nanopowders. The thermodynamics specific heat of combustion of metals with formation of oxides is given below for comparison: FeO -4 728 J/g, Fe 2 O 3 -7 341 J/g, NiO -4 083 J/g, MoO 2 -6 136 J/g, Cu 2 O -1 351.6 J/g, CuO -2 534.25 J/g. The significant increase of the thermal effect of oxidation of nanopowders indicates that part of electron beam energy is transferred by metal nanoparticles and accumulated in their internal structures.
The products of combustion of metal powders -oxides-were measured by an electron microscope. Figure 5 shows microphotographs of the initial iron particles and their oxidation products under a transmission electron microscope. It is obvious from the picture a cake mass an oxide consisting as a collection an agglomerates form during combustion. Some separate particles of metal oxides could be seen inside these agglomerates within wide size by hundredth order of magnitude. Thus high combustion temperatures further aggregation of caked particles of oxidation products. The apparent effect of the significant increase of the thermal effect of oxidation of metal nanopowders as a result of irradiation requires more detailed discussion. It is known that the electron irradiation according to the character of its influence on substances is regarded as an ionizing type of radiation (Kurt et al., 2007) . The electron radiation with the energy of 4 MeV meets the criteria of ionizing radiation. The main influence of an electron beam on nanopowders reveals as excitation and ionization of atoms without any structural changes in their crystal lattices. The generated excess positive charge of the ions of metals concentrates near the surface and is neutralized by the negative charge of the surface oxide layer. In this case the particles of the nanopowder can be represented as a spherical capacitor if disregarding the chemical nature of metals. The simple model of a spherical capacitor is very convenient for estimation of stored surface energy of nanopowders. This stored energy is mainly of electrostatic nature. spherical capacitor.
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the с -capacity of the spherical capacitor, R -radius of the external sphere, r -radius of the internal sphere, qcharge of the capacitor, ε 0 -electric constant, ε -relative permeability. The external sphere covers the oxide surface of powder particles, the internal sphere -the metal particles (Tribus, 1970) .
The stored energy of iron nanoparticles with the radius of the outer sphere 100 nm and the thickness of the oxide layer 5 nm can be estimated as the work at charging a spherical capacitor. The typical value of the relative permeability of metal oxides is 7-30. If the part of the single-ionized metal atoms in the particle of the nanopowder is 10 -4 -10 -3 , the internal energy of the nanoparticle will increase at about 110-1 100 kJ/mol per a unit of elementary electric charge when ε equals 20. These energy values are in the same range as the enthalpy of formation of metal oxides are. During the combustion of nanopowders a great amount of surface electrostatic energy received by the metal nanoparticles after their irradiation makes an additional contribution to the combustion value.
Conclusion
The oxide activity of saturated nanopowders of iron, nickel, molybdenum and copper received by the electroexplosive method was analyzed after their electron irradiation:
1) It was determined that electron irradiation of nanopowders with the doses of 1, 5, 10 Mrad furthers accumulation of stored energy, which is released in the processes of oxidation and combustion.
2) The specific thermal effect of oxidation of nanopowders increases at 1.2 -2.5 times as a result of electron irradiation.
3) The interplanar spacings of crystal lattices of irradiated nanopowders as compared with non-irradiated ones decrease and verge towards the interplanar spacings of massive metal standards.
4) The electrostatic model of increase of the internal energy of nanopowders received by ionizing influence of electron irradiation was offered.
